Research Report
Admission to a teaching hospital is generally considered a survival advantage when compared with admission to a nonteaching hospital based on results from previous studies demonstrating better outcomes for common, high-severity conditions in teaching hospitals. [1] [2] [3] [4] [5] [6] Specifically, for acute myocardial infarction (AMI), the literature has consistently shown survival advantages from admission to teaching hospitals. 1, 5, 6 We reexamined the conventional wisdom that hospital teaching status, measured as the ratio of residents to hospital beds, is associated with lower mortality. Teaching status has been of interest as a marker for quality of care because it is a highly observable hospital characteristic. For example, affiliation with a university or medical school is often included in hospital marketing. 7 Furthermore, there is strong interest from administrators, educators, and policy makers that patient care not be compromised as a result of the educational mission of teaching hospitals. We reexamined teaching intensity as a marker for better outcomes for two reasons: (1) Methodological issues cast doubt on the validity of conclusions from prior studies and the resulting conventional wisdom, 8, 9 and (2) the degree to which previous findings hold true may have changed over time.
First, recent literature suggests that the association between teaching intensity and better patient outcomes may have been spuriously driven by exclusion of patients transferred between hospitals. 8, 9 These patients make up a select group who tend to be of lower severity than the average AMI patient. 9, 10 Because transferring patients to another hospital is more common among nonteaching than teaching hospitals, the exclusion of transfer patients may have influenced the selection of patients studied in nonteaching hospitals and could have led to biased results. Furthermore, recent studies establishing the Centers for Medicare and Medicaid Services (CMS) hospital ranking methodology and examining factors associated with better AMI outcomes have endorsed the inclusion of transfers and assigning of outcomes to index hospitals (i.e., the first hospital to which a patient is admitted) in such measures. 9, 11 We hypothesized that the inclusion of transferred patients and assignment to index hospitals would decrease the survival advantage conferred by admission to a teaching hospital.
Second, the association between teaching intensity and quality of care may have changed over time. In particular,
Abstract
Purpose Previous studies have found that teaching hospitals produce better acute myocardial infarction (AMI) outcomes than nonteaching hospitals. However, these analyses generally excluded patients transferred out of nonteaching hospitals and did not study outcomes by patient risk level. The objective of this study was to determine whether admission to a teaching hospital was associated with greater survival after accounting for patient transfers and patient severity.
Method
This observational study used logistic models to examine the association between hospital teaching status and 30-day mortality of AMI patients, adjusting for patient comorbidities and common time trends. The sample included 1,309,554 Medicare patients admitted from 1996 to 2004 to 3,761 acute care hospitals for AMI. The primary outcome was 30-day all-cause, all-location mortality.
Results
Mortality was slightly lower in minor teaching hospitals compared with nonteaching hospitals (odds ratio [OR] 0.97; 95% confidence interval [CI] 0.95-0.99) but not different between major teaching and nonteaching hospitals (OR 1.01; 95% CI 0.96-1.03).
The odds of mortality in minor teaching hospitals decreased 4.2% relative to nonteaching hospitals during the sevenyear period (OR from 0.98 to 0.94). There was no consistent pattern of association between teaching status and patient severity.
Conclusions
After correctly accounting for the ability of nonteaching hospitals to appropriately transfer patients in need of different care, there was no survival benefit on average for initial admission to a teaching hospital for AMI. Furthermore, higher-risk patients did not benefit from initial admission to teaching hospitals.
rapid technological advances and their widespread adoption led to steady improvement in mortality rates for AMI patients, providing an opportunity for nonteaching hospitals to narrow the gap in quality of care with teaching hospitals. 12, 13 We hypothesized that the gap between teaching and nonteaching hospitals in AMI mortality would decrease over time.
Finally, we attempted to extend the literature by examining the degree to which outcomes varied in more versus less teaching-intensive hospitals for patients of differing severity. Through these analyses, we tested the hypothesis that the most ill patients would fare best at teaching hospitals.
As financial pressures on hospitals increase, including policy changes that affect teaching hospitals exclusively (e.g., resident duty hours restrictions), it is important to reexamine the relative quality of care at teaching hospitals. 14, 15 Furthermore, as technological advances became more ubiquitous, the previous drivers of differences in outcomes across hospital characteristics may have changed. Because teaching status is an easily observable characteristic that has been correlated with better outcomes in the past, we reexamined this issue with teaching status as a marker, consistent with prior literature, rather than investigating a causal relationship.
Method

Data
We used data from the Medicare Provider Analysis and Review (MEDPAR) 16 files for the academic years 1996 to 2004 (July 1, 1996 to June 30, 2004) . We used the sample from 1996 as out-of-sample data to enable risk stratification, and we performed outcomes analysis on the 1997-2004 data. MEDPAR contains data on each inpatient admission for all Medicare enrollees; includes demographic information, transfer status, principal diagnosis, and up to 10 secondary diagnoses (comorbidities) per admission; and is linked to data on deaths post hospital discharge. We chose AMI because, as an emergent condition, patient selection (the nonrandom matching of patients to hospitals based on unobservable characteristics of both patients and hospitals) is less likely to be a confounding factor than it may be for other conditions. We selected admissions for new-onset AMIs, identified by an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9) 17 principal discharge diagnosis code of 410.X1 (AMI). We selected 1996-2004 as the study period to correspond with periods from relevant previous studies 1, 2, [4] [5] [6] and to include a time period during which AMI care and decisions to transfer patients to other hospitals for specific interventions were rapidly evolving into patterns of care that persist today. 12, 13, 18 Data from the Medicare cost reports 19 provided information on the number of residents and beds for each hospital.
Study sample
Our initial patient sample for outcomes analysis included data from all 5,253 hospitals that had data for the years 1997-2004, and 2,720,818 admissions of Medicare patients who had a principal diagnosis of AMI (ICD-9 code 410.X1). For patients who had multiple AMI admissions during the study years, we randomly selected one admission for inclusion in the analysis, leading to the exclusion of 356,131 admissions and 17 hospitals.
Of the remaining patient sample, we excluded patients for the following reasons: age younger than 66 or older than 90 (n = 407,979 patients and 35 hospitals); enrolled in a health management organization (n = 181,549 patients and 10 hospitals); admission dates after dates of death (n = 248 patients and 0 hospitals); transferred in from unknown index hospitals (n = 175,472 patients and 60 hospitals); "discharged alive in less than two days" (n = 24,506 patients and 7 hospitals); and hospitals that did not report data in all years from 1996 to 2004 (n = 62,795 patients and 1,335 hospitals). We excluded the patients discharged alive less than two days after the admission date because they were unlikely to represent true AMIs, since the standard of care for AMIs included a length of stay beyond 48 hours; thus, these patients most likely represented coding errors. We excluded 28 hospitals (9,298 patients) because of excessive variation in the resident-to-bed (RB) ratio from year to year, and for an additional 110 hospitals we imputed RB ratio values for single-year outliers by averaging across other years.
The final study sample for outcomes analysis included data on 1,309,554 admissions and 3,761 hospitals for the main study period July 1, 1997 to June 30, 2004 . We separated a subsample of 193,286 patients from 3,671 hospitals in the period from July 1, 1996 to June 30, 1997 as out-of-sample data to compute a risk score used in the patient severity analysis. The University of Pennsylvania and Children's Hospital of Philadelphia institutional review boards approved this study.
Measure of teaching intensity
We divided hospitals into three categories of teaching intensity based on their RB ratio, with a higher ratio of residents reflecting greater teaching intensity, in accordance with the previous literature. Hospitals were categorized as "major teaching" if the RB ratio was greater than or equal to 0.25, "minor teaching" if the RB ratio was above 0 and below 0.25, and "nonteaching" if the RB ratio was 0. 2,20 We followed definitions from prior studies to enable direct comparison of results as well as to use standard definitions of categories of teaching intensity accepted in the literature.
Outcome measures and risk adjustment
The outcome variable was all-location mortality (as opposed to in-hospital mortality) within 30 days after hospital admission because it is less prone to bias from differences in the style of practice concerning length of stay. 21 We followed the risk-adjustment strategy employed in several studies and controlled for patient severity using 27 Elixhauser comorbidities, including a six-month look back to enrich risk adjustment. [22] [23] [24] [25] [26] [27] [28] [29] [30] This approach has outperformed alternatives and is validated for use with administrative data. 31, 32 We also included controls for age, gender, whether the patient had been admitted for a previous AMI in the prior six months, the total number of previous admissions in the prior six months, whether the patient had undergone either a coronary artery bypass graft surgery or percutaneous transluminal coronary angioplasty procedure, and anatomic location of AMI (anterior, inferior, subendocardial, other). We also calculated unadjusted models (no patient-level risk adjustment) for comparison.
We created an index of patient severitya "risk score"-to evaluate the interaction between teaching intensity and severity using a logistic patient risk model on out-of-sample data to avoid bias from a generated regressor. [33] [34] [35] 
Patients transferred between hospitals
An important aspect of our analysis was our approach to patients transferred out of an index hospital, and we explored three ways in which transferred patients could be treated: (1) exclude transferred patients from the sample and therefore exclude their outcomes from both index and receiving hospitals, 1-6 (2) include transferred patients and assign their outcomes to receiving hospitals, and (3) include transferred patients and assign their outcomes to index hospitals. 9, 11, [23] [24] [25] [26] [27] [28] [29] [30] In our primary analyses we followed the third method-all subsequent care and outcomes were considered the responsibility of the index hospital because the prompt initiation of appropriate care is a highly significant predictor of AMI outcomes and because subsequent clinical decisions would follow at least in part from these initial decisions. 8, 9, 11, [36] [37] [38] [39] Our rationale follows that of Krumholz and colleagues, 11 who assigned transferred patients to the index hospital in developing the CMS 30-day mortality measure used in ranking hospitals. They note that doing so captures the component of quality reflected in deciding when and to which hospital to transfer a patient, with the quality of care at the receiving hospital being a consequence of the index hospital's decision making. 11 This approach was also endorsed and used by Kosseim and colleagues 9 in finding that proper medical management and timely decisions to transfer patients contributed to better AMI outcomes.
Although much prior literature has explicitly aimed to evaluate teaching status as a marker for quality of care, previous studies that have examined the relationship between teaching status and mortality have generally excluded patients transferred to other hospitals 1, 5 or made no mention of transfer status. [2] [3] [4] 6 Thus, for comparison, we performed analyses using the first and second methods (excluding transferred patients from the sample and therefore excluding their outcomes from both index and receiving hospitals, and including transferred patients and assigning their outcomes to receiving hospitals).
Statistical analyses
We contrasted analyses by whether patients transferred out of hospitals were excluded from the analysis (which allows for comparability with previous studies), had their results assigned to the receiving hospital, or had their results assigned to the index hospital of admission (primary analysis). We then evaluated how the relationship between teaching intensity and mortality changed over time and examined how the relationship differed for patients of varying severity. These analyses tested the hypotheses that (1) including transferred patients would diminish differences in outcomes between teaching and nonteaching hospitals, (2) mortality rates for teaching and nonteaching hospitals would converge over time, and (3) teachinghospital outcomes would be superior for sicker patients.
We used patient-level logistic regression to evaluate the association between mortality and teaching intensity. Logistic models controlled for patient characteristics, but not hospital characteristics other than teaching status, because our intent was to evaluate the use of teaching status as a marker for hospital outcomes. We performed a likelihood ratio chi-square test for divergent trends over time by comparing the overall fit of a model without any year controls with a model with interaction terms between each year and the RB ratio.
Our final set of analyses evaluated how different levels of patient severity influenced the teaching status-mortality trends observed. We ran the logistic model on three groups differentiated on the basis of risk score deciles. Patients in the three highest deciles of risk were categorized in the high-risk group, those in the middle four deciles of risk were medium risk, and those at the bottom three risk deciles were assigned to the low-risk group.
Standard errors used the Huber-White correction to reflect possible dependence of patients clustered in hospitals. 40, 41 The statistical program SAS version 9.1.3 (SAS Institute Inc., Cary, North Carolina) was used, and the "genmod" procedure was used for logistic regressions.
Results
Nonteaching hospitals made up 70% (n = 2,633) of hospitals and treated 54% (n = 707,159) of the AMI patients in the sample when including patients who were transferred out of the index hospital (see Table 1 ). Unadjusted mortality within 30 days of hospital admission was highest for nonteaching hospitals at 18.6% and was lower for teaching hospitals, with a mortality rate of 17.3% for minor teaching hospitals and 17.5% for major teaching hospitals (23.0%, 18.8%, and 18.5%, respectively, when excluding patients transferred out). Unadjusted mortality was nearly identical between nonteaching, minor teaching, and major teaching hospitals for the patients who were transferred out to other hospitals.
Patients who were transferred out to a second hospital disproportionately came from nonteaching hospitals. Thirty-one percent (n = 218,512) of patients initially admitted to a nonteaching hospital were transferred out compared with 14% (n = 61,876) of minor teaching hospital patients and 10% (n = 14,405) of patients initially admitted to major teaching hospitals.
The percentage of patients with each type of AMI, the percentage with multiple comorbidities, and the average severity scores were very similar for hospitals of differing teaching intensity (see Table  1 ). Exclusion of transferred patients increased the average severity score among remaining patients, indicating lower average severity for transferred patients. Furthermore, the average severity scores for the transferred patients were significantly lower than the scores for those patients who were not transferred, regardless of the hospital's teaching intensity category.
In adjusted analyses, we first replicated analyses preformed in previous studies comparing odds of mortality in major and minor teaching hospitals with odds of mortality in nonteaching hospitals with patient-level risk adjustment. 1, 5, 6, 20 Excluding transferred patients as done in the prior literature resulted in strong associations between teaching status and mortality (see Table 2 ). Similarly, assigning outcomes from transferred patients to the receiving hospitals showed significantly lower odds of mortality in major and minor teaching hospitals versus nonteaching hospitals. When assigning transferred patients to the index hospital, however, there was little correlation between teaching status and improved mortality. Figure 1 illustrates the pattern of association between teaching status and risk-adjusted AMI mortality over the years of the study. There were significant changes in the association between teaching intensity and mortality over time (P = .01), with the odds of mortality at minor teaching hospitals relative to the odds of mortality at nonteaching hospitals changing from 0.98 to 0.94 and gaining * Analyses were performed to include patients who were transferred to another institution after being admitted to the index hospital ("sample with transfers"), to exclude these transferred patients ("sample without transfers"), and to include only these transferred patients ("transferred patients"). † A hospital's teaching intensity was determined by its ratio of residents to beds (RB). Nonteaching: RB = 0; minor teaching: 0 < RB < 0.25; major teaching: RB = 0.25. ‡ PTCA indicates percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass grafting. statistical significance over the seven-year period. The odds of mortality at major teaching hospitals were not statistically different from the odds of mortality at nonteaching hospitals, though the magnitude changed from 1.01 to 0.96-a 4.1% reduction. Furthermore, the odds of mortality at major teaching hospitals did not change significantly relative to the odds of mortality at minor teaching hospitals during the study period.
Adjusted analyses did not indicate a systematic pattern between patient risk scores and differences in mortality between teaching and nonteaching hospitals when including transferred patients and assigning their outcomes to the index hospital (see Table 3 ). Lowrisk and medium-risk patients fared better at minor teaching hospitals versus nonteaching hospitals, but there was no estimated difference for high-risk patients admitted to minor teaching hospitals versus high-risk patients admitted to nonteaching hospitals. Patient outcomes did not vary by risk group in major teaching hospitals versus nonteaching hospitals.
Discussion and Conclusions
Using seven years of data on all Medicare patients admitted with AMI, we found that the previously observed associations between lower mortality and hospital teaching status were highly sensitive to the exclusion of patients transferred out of hospitals. We also found that these associations depend on the hospital to which patient outcomes are attributed when transferred patients are included in analyses. When we excluded transferred patients or assigned their outcomes to receiving hospitals, we observed a relationship between hospital teaching status and lower mortality that was consistent with the prior literature. However, when we included transferred patients and assigned their outcomes to the index hospital, the beneficial association between teaching intensity and patient outcomes diminished sharply for minor teaching hospitals and disappeared altogether for major teaching hospitals. Given the emerging consensus that patient outcomes should be assigned to the index hospital and that transfer patients should be included in these types of analyses, 8, 9, 11 this result suggests that the relationship between teaching status and better outcomes may not be as robust as suggested by the prior literature on this topic. [1] [2] [3] [4] [5] [6] Previous studies of outcomes in AMI patients have suggested that the odds of mortality are 9% lower in minor teaching hospitals and 20% to 25% lower in major teaching hospitals than the odds of mortality in nonteaching hospitals. 1, 6 However, it is possible that the differences we observed in the association between teaching status and mortality based on how transfers are handled could extend to previous studies as well. None of the previous studies we considered on teaching status and mortality explicitly mentioned inclusion of transferred patients or the attribution of their outcomes to the index hospital of admission. The one study that may have included transferred patients (the text does not indicate this explicitly but suggests inclusion) 6 found results qualitatively similar to ours, with mortality of coronary disease patients in major and minor teaching hospitals no different from the mortality of these patients in nonteaching hospitals (odds ratio [OR] 0.76, 95% confidence interval [CI] 0.55-1.07; OR 0.81, 95% CI 0.58-1.13, respectively). 6 In contrast, in two studies that explicitly exclude patients transferred out of an index hospital, Allison and colleagues 1 and Rosenthal Figure 1 The pattern of association between hospital teaching status and risk-adjusted acute myocardial infarction (AMI) mortality, 1996-2003. The test for an interaction between time and teaching intensity shows that, over time, mortality rates at nonteaching and teaching hospitals do not move uniformly (chi-square [29, 14] : P = .01), although there is no evidence of clear divergence. The model adjusts for patient age, sex, incidence of previous AMI, number of admissions in prior six months, 27 Elixhauser comorbidities, anatomical location of AMI, and year dummies. A hospital's teaching intensity was determined by its ratio of residents to beds (RB). Minor teaching: 0 < RB < 0.25; major teaching: RB = 0.25. and colleagues 5 found better outcomes for teaching hospitals with magnitudes consistent with those we observed in our analyses that replicated the approach of excluding transferred patients. These findings are also consistent with earlier studies. 3, 4 Bradley and colleagues, 8 in a study that included transferred patients and found little correlation between process measures and AMI mortality, suggested that the exclusion of transferred patients in the prior literature may underlie the contrasting results between their study and previous studies that had found significant correlations between mortality and teaching status. This suggests that the previously reported association between teaching status and lower mortality may be much smaller than had been reported-and may not even exist.
From a methodological standpoint, it seems most logical to include transferred patients and to assign their outcomes to the hospital of index admission 9, 11, [23] [24] [25] [26] [27] [28] [29] [30] 42, 43 because the quality and speed of the initial workup for AMI patients are major determinants of patient outcomes. [37] [38] [39] AMI patients who are transferred to other hospitals compose a very select portion of the patient population-they must survive long enough to be transferred and are less sick on average. 9 Because inclusion of transferred patients reduced differences in mortality between teaching and nonteaching hospitals, one reasonable conclusion is that the nonteaching hospitals successfully transferred patients who benefited from more advanced care when indicated, such that these hospitals produced similar outcomes to the teaching hospitals' regardless of the underlying severity of patients. Although these results do not necessarily suggest that equivalent skills and facilities are available at nonteaching and teaching hospitals, they do suggest that the survival rates are similar regardless of where a patient was initially admitted.
Our longitudinal analysis suggested that AMI mortality improved slightly faster at teaching hospitals than at nonteaching hospitals, in contrast to our hypothesis. The only previous study to examine the degree to which outcomes changed over time in more versus less teachingintensive hospitals found that the quality difference between teaching hospitals and small nonteaching hospitals narrowed during the early 1980s, with differences in risk-adjusted mortality rates reducing by 0.7%. 4 This differs from the results we report here, but it may reflect differences in the relative rate of improvement in outcomes for teaching and nonteaching hospitals in different time periods.
Previous studies have not examined the relationship between patient severity and patient outcomes in hospitals of differing teaching intensity. Our findings do not support an association between patient severity and hospital teaching status in AMI outcomes. This suggests that nonteaching hospitals are able to handle high-risk patients as well as they handle lower-risk patients. Further work should be conducted to examine whether nonteaching hospitals fare as well with more severely ill patients for diseases besides AMI.
Our study has a number of limitations.
Although AMI patients tend to be admitted emergently to the nearest hospital, which makes measures of hospital outcomes less susceptible to biases of self-selection than in examination of elective conditions, there could be bias in either direction if our risk adjustment failed to account for unmeasured aspects of patient severity that were systematically different in teaching and nonteaching hospitals. Second, because teaching hospitals often engage in clinical research as a by-product of the medical care they provide, it is conceivable that teaching hospitals record comorbid conditions more carefully than do some nonteaching hospitals, possibly introducing bias into analyses that adjust for such conditions. Third, our study faces the limitations in risk adjustment associated with use of an administrative dataset, in that our risk-adjustment model can only account for patient characteristics represented by codes in billing data and excludes detailed clinical data available only in medical records. Fourth, to enable comparisons with previously published work, we limited our data collection period to 1996-2004. It is possible that the associations and trends we observed did not continue beyond our study period into more recent years; however, this is not likely because recent studies have found that trends and general patterns of care continued into 27 Elixhauser comorbidities, anatomical location of AMI, and year dummies. This figure is derived from a model in which we estimate odds of mortality for minor and major teaching hospitals (versus nonteaching hospitals), comparing the degree to which mortality differs for patients of different underlying severity. Low-risk patients include deciles 1-3, medium-risk patients include deciles 4-7, and high-risk patients include deciles 8-10. † A hospital's teaching intensity was determined by its ratio of residents to beds (RB). Minor teaching: 0 < RB < 0.25; major teaching: RB = 0.25. ‡ P < .01. years immediately following our study period. 16, 44 Finally, we used teaching intensity as a marker for all hospital characteristics found in teaching hospitals, so any observed associations reflect differences in a variety of technological capabilities and staffing that are inherent to being a teaching hospital, as opposed to teaching status per se.
In an era of increasing efforts toward public reporting of outcomes, the results of this study suggest that the teaching intensity of the hospital where patients are admitted may be less important to survival from AMI than had previously been thought, even when considering underlying patient severity. Understanding the degree to which the findings of this study apply to other conditions is important in determining the applicability of teaching intensity as a marker of better patient outcomes and in considering implications for further policies that may disproportionately affect teaching hospitals.
